INTRODUCTION
Specific endoproteolytic activation of many growth and differentiation factors, blood coagulation factors, plasma proteins, neuropeptides, peptide hormones and their receptors, viral proteins and bacterial toxins occurs C-terminally of basic amino acid motifs, by a family of subtilisin-like serine proteases known as proprotein convertases (PCs). So far, seven mammalian PCs have been described : furin, PC1\PC3, PC2, PC4, PACE4 (paired basic amino acid-cleaving enzyme 4), PC5\PC6 and lymphoma PC(LPC)\PC7\PC8 [1] [2] [3] [4] . Structurally, PCs share a similar multi-domain organization, including an N-terminal signal peptide preceding the essential pro-, catalytic and middle domains, followed by unique C-terminal domains. PCs in yeast and mammals are synthesized as zymogens. Autoproteolytic cleavage of the propeptide occurs in the endoplasmic reticulum (furin, PC1, LPC and PACE4 [5] [6] [7] [8] [9] [10] [11] [12] ) or in a late Golgi compartment (PC2 [13] ) and initiates enzyme activation and transport. Proteolytic activation of substrates occurs in the trans-Golgi network (TGN), in endosomes, at the cell surface, in secretory granules or in combinations thereof [2, 3] . Since many substrates of PCs have similar processing sites, insight into the intracellular trafficking of PCs is crucial to understand the selectivity or redundancy of these enzymes in i o. For instance, the sorting into secretory granules of the neuroendocrine-specific enzymes PC1 and PC2 is reflected by their cleavage of specific substrates, as demonstrated in a PC1-deficient patient [10] and in PC2-knockout mice [14] .
The latest member of the family, LPC, was first discovered in the chromosome breakpoint region of a high-grade lymphoma carrying a t(11 ;14)(q23 ;q32) translocation [15] . LPC is the leastconserved family member and phylogenetic analysis indicates that LPC is more related to kexin in yeast than any other mammalian PC [16, 17] . LPC is widely expressed, during both Abbreviations used : PC, proprotein convertase ; LPC, lymphoma proprotein convertase ; TGN, trans-Golgi network ; CD-MPR, cation-dependent mannose-6-phosphate receptor ; CHO, Chinese hamster ovary ; NRK, normal rat kidney ; DHFR, dihydrofolate reductase ; DRM, detergent-resistant membrane raft ; PLAP, placental alkaline phosphatase. 1 Present address : European Institute of Oncology, Via Ripamonti 435, 20141 Milan, Italy. 2 To whom correspondence should be addressed (e-mail john.creemers!med.kuleuven.ac.be).
modification occurs in a late exocytic or endocytic compartment. Turnover of palmitoylated LPC is significantly faster (t "/# $ 50 min) than that of the LPC polypeptide backbone (t "/# $ 3 h), suggesting that palmitoylation is reversible. Abrogation of palmitoylation reduced the half-life of the LPC protein, but did not affect steady-state localization of LPC in the trans-Golgi network. Finally, LPC could not be detected in detergentresistant membrane rafts. Taken together, these results suggest that dynamic palmitoylation of LPC is important for stability, but does not function as a dominant trafficking signal.
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embryogenesis and adult life [17-19a] . Substrate specificity is similar to, but not identical with, other PCs [11, 20] . LPC is a type-I transmembrane protein that localizes to the constitutive secretory pathway and is concentrated in the TGN, were it overlaps partially with furin and TGN38 (a TGN protein of 38 kDa) [11, 21] . The cytoplasmic tail of LPC does not contain a tyrosinebased internalization motif nor an acidic cluster motif (with or without a pair of phosphorylated serines), which has been shown to be critical for correct localization of furin and PC6B [2, 22] . Intracellular trafficking and TGN localization must therefore depend on other, as yet unknown, sequences.
Previously, we have reported that LPC is palmitoylated posttranslationally in its cytosolic domain [11] . Palmitoylation involves the post-translational attachment of the C "' saturated fatty acid palmitic acid to the thiol group of a specific cysteine residue in soluble and transmembrane-containing proteins via an acyl-thioester bond in the endoplasmic reticulum, Golgi complex or at the plasma membrane [23] [24] [25] [26] . In contrast with the chemical stability of the acyl-amide bond in N-myristoylation [27] , the chemically labile thioester bond allows regulated cycles of palmitoylation and depalmitoylation that may control a protein's subcellular localization. In the case of the cation-dependent mannose-6-phosphate receptor (CD-MPR), palmitoylation modulates sorting from endosomes to the TGN [28] . Palmitoylation of the transferrin receptor might reduce its endocytosis rate [29, 30] . For several viral spike proteins, palmitoylation is necessary for envelopment and egress of virus particles [24] . For a number of G-protein-linked receptors, dynamic palmitoylation modulates their phosphorylation status, internalization rate and thus agonist-mediated desensitization [25, 31] . Furthermore, palmitoylation of the α subunits of heterotrimeric G-proteins has been suggested to alter their lateral mobility in the plasma membrane, thereby enabling interaction with adenylate cyclase and other proteins in specific signaltransduction subdomains of the plasma membrane (caveolae) [25, 31] . More recently, cholesterol transport by caveolin-1 from the endoplasmic reticulum to caveolae was shown to depend on the palmitoylation status of caveolin-1 [32] .
Here, we describe the identification of palmitoylation sites in the cytoplasmic tail of LPC, the characterization of the dynamics of this modification and its functional relevance.
EXPERIMENTAL

Plasmids and mutagenesis
Cloning of wild-type LPC and mutant LPC-∆cyt (lacking the cytoplasmic tail ; stop codon after Ser&%)) has been described in [11] . Mutations in the LPC cDNA were generated using the in itro site-directed mutagenesis system (Promega) according to the guidelines of the suppliers. To facilitate the multiple substitution of cysteine residues to alanine, an AccIII site was introduced between Cys&&) and Cys&'$, making use of codon degeneracy of Ser&'!. The following constructs were produced : LPC-C1-5 (substitution of all five cytoplasmic Cys residues,
LPC-C1 (Cys&&)) and LPC-C2 (Cys&'$). In constructs LPC-H&'(, LPC-P&)$, LPC-G&**, LPC-D'"!, LPC-D'#( and LPC-D'$%, stop codons were introduced immediately following the indicated amino acid. In addition, two constructs, F-LPC and F-LPC-C1-2 were generated with a FLAG epitope (amino acids DYKDDDDK) between their pro-and catalytic domains using overlap-extension PCR [33] . FLAG-tagged LPC was processed and N-glycosylated to the same extent as its non-tagged counterpart in our assays (results not shown). After cleavage of the prodomain, the FLAG epitope resides at the N-terminus of the LPC enzyme. All mutations were confirmed by nucleotide sequence analysis according to the dideoxy chain-termination method. Human anti-(placental alkaline phosphatase) (PLAP) cDNA was provided kindly by Deborah Brown (State University of New York, New York, NY, U.S.A.).
Cell lines and DNA transfer
Chinese-hamster ovary-K1 (CHO ; ATCC CRL-9618) and CHOdihydrofolate reductase (DHFR) V cell lines (ATCC CRL 9096) were maintained as described previously [11] . Normal rat kidney (NRK) cells were maintained in Dulbecco's modified Eagle's medium supplemented with 5 % fetal-calf serum, 100 units\ml penicillin and 0.1 mg\ml streptomycin (all from Life Technologies). For transfections, typically (5-8)i10& cells were transfected with 2 µg of DNA and 6 µl of AMINE (Life Technologies) according to the manufacturer's guidelines. CHO-DHFR V cells stably expressing human wild-type LPC or mutants thereof have been described in [11] . NRK cells stably overexpressing F-LPC and F-LPC-C1-2 were generated as described previously [34] .
Antibodies
Rabbit anti-LPC antibodies MP1 and KP1 were used as described before [11] . Guinea-pig anti-TGN38 serum was a gift from Wolfgang Garten (Philipps-Universitat, Marburg, Germany). Rabbit anti-PLAP antibody was provided kindly by Deborah Brown. Mouse FLAG-1 antibody was obtained from Sigma, fluorescein-conjugated rabbit anti-guinea-pig Ig was from Dako and goat anti-mouse Ig Alexa 594 was from Molecular Probes. Pig anti-rabbit Ig and mouse anti-rabbit Ig conjugated to horseradish peroxidase (Dako) were used with the ECL detection system (Amersham Pharmacia Biotech).
Indirect immunofluorescence microscopy
NRK cells stably expressing F-LPC or F-LPC-C1-2 were seeded on coverslips 18-24 h prior to fixation. NRK cells were fixed for 5 min at room temperature in methanol\acetone (1 : 1, v\v). Cells were incubated with primary antibodies (diluted 1 : 500 in PBS) for 1 h at room temperature. Bound antibodies were detected with fluorescently labelled secondary antibodies by incubation for 1 h at room temperature. Slides were mounted in Mowiol (Calbiochem) and analysed with a Zeiss Axiophot microscope equipped with UV optics. Images were recorded with a CE200A CCD camera (Photometrics) using Smartcapture (Digital Scientific) and IPlab Spectrum (Signal Analytics) software.
Radiolabelling and immunoprecipitation
Labelling of cells [(8-10) i10& cells\sample] with 100 µCi\ml -[$&S]methionine (specific radioactivity 1000 Ci\mmol ; ICN), immunoprecipitation and SDS\PAGE have been described previously [11] . In the case of overnight labelling, 5 % dialysed serum (Life Technologies) was added to the cells. Brefeldin A (Roche Diagnostics ; stock 5 mg\ml in DMSO), cycloheximide (Sigma), monensin (Sigma ; stock 5 mg\ml in DMSO), tunicamycin (Roche Diagnostics ; stock 10 mg\ml in DMSO) and cerulenin (Sigma ; stock 2 mg\ml in DMSO) were used throughout the starvation, labelling and chase periods.
For [$H]palmitic acid labelling, cells were starved for 1 h in minimal essential medium-α containing 10 mM Hepes (pH 7.4) and then labelled for 1.5 h in the presence of 1 mCi\ml [9,10-$H] palmitic acid (specific activity 30-60 Ci\mmol ; NEN Life Science Products) in minimal essential medium-α containing 1 % DMSO and 0.1 % BSA. Cells were put on ice and washed once with 1 ml of ice-cold PBS, followed by lysis in 1 ml of DIPA buffer (50 mM Tris\HCl, pH 7.4\150 mM NaCl\1 % Triton X-100\1 % sodium deoxycholate\0.1 % SDS\2 mM EDTA\2 µM pepstatin\1 mM iodoacetamide\100 units\ml Trasylol\1 mM PMSF). Cell lysates were precleared by centrifugation at 4 mC for 30 min at 19 200 g in an Eppendorf centrifuge and then by incubation of the supernatants with 5 µl of rabbit serum bound to 10 mg of Protein A-Sepharose CL-4B (Amersham Pharmacia Biotech) for 60 min. LPC was immunoprecipitated with 5 µl of rabbit polyclonal anti-LPC serum. Samples labelled with [$H]palmitic acid were incubated for 1 min at 95 mC in sample buffer containing 40 mM dithiothreitol. Quantification of gels containing $H-labelled proteins was done with a Kodak Image Station 440 (Kodak) and a Personal Densitometer (Molecular Dynamics), and $&S-labelled proteins were quantified with a PhosphorImager (Molecular Dynamics).
Preparation of detergent-resistant membrane rafts (DRMs)
DRMs were prepared essentially as described by Brown and Rose [35] . Briefly, 10' cells were labelled with [$&S]methionine (1 h pulse\1 h chase) and lysed on ice in 1 ml of extraction buffer [25 mM Hepes, pH 7.5\150 mM NaCl\1 % Triton X-100\ protease-inhibitor cocktail (complete EDTA-free, Roche Diagnostics)]. Insoluble material was collected by scraping and, together with the extracted material, it was centrifuged for 2 min in a microfuge at 16 600 g. Supernatant (900 µl) was collected in a clean tube containing 100 µl of lysis buffer (50 mM Tris\HCl, pH 8.8\5 mM EDTA\1 % SDS). The pellet was centrifuged again and the remaining supernatant was removed. The pellet was resuspended subsequently in 100 µl of lysis buffer by extensive vortexing and 900 µl of extraction buffer was added. Both supernatant and pellet fraction were used for immunoprecipitation.
RESULTS
LPC is palmitoylated on Cys 558 and Cys 563 in the cytosolic domain
We have described previously that the cytosolic domain of LPC contains hydroxylamine-sensitive palmitoylation, indicating that this modification occurred on cysteine residues [11] . The cytoplasmic tail contains five cysteines, at positions 558, 563, 585, 628 and 644 (referred to as Cys1, Cys2, Cys3, Cys4 and Cys5, respectively). In order to identify the cysteine residues that are palmitoylated, a series of mutants with deletions in the cytosolic domain was generated and studied in a palmitoylation assay using transiently transfected CHO-K1 cells (Figure 1 ). Only the processed form of LPC was palmitoylated, indicating that palmitoylation occurred after propeptide cleavage. Truncation of the cytosolic tail up to His&'(, leaving only four residues Cterminally of Cys2, had no effect on palmitoylation. Only when the entire cytoplasmic tail was deleted was the incorporation of palmitic acid blocked. This suggests that Cys1 and\or Cys2 are crucial for palmitoylation, although palmitoylation of additional cysteines could not be excluded. Therefore, a second set of mutants was generated in which cysteine residues in the cytosolic domain of LPC were replaced systematically by alanine residues (Figure 2 ). In transiently transfected CHO-K1 cells, we observed a dramatic reduction of [$H]palmitate-labelled LPC when either Cys1 or Cys2 was mutated (Figure 2 B) . Mutation of the other three cysteines, either separately or in combination, did not affect the labelling of LPC with [$H]palmitate. It is of interest to note that despite replacement of all five cysteine residues in the cytosolic domain, residual palmitoylation was visible, suggesting that other residues became acylated, albeit to a low extent. Densitometric analyses of these experiments showed that palmitoylation of mutant LPC-C1-2 was reduced by more than 90 % relative to wild-type LPC. Moreover, comparison of cysteine mutants LPC-C1, LPC-C2 and LPC-C1-2 showed that for efficient labelling both cysteines had to be present and that mutation of Cys2 had a more deleterious effect than mutation of Cys1. Similar results were obtained with CHO cell lines stably expressing these cysteine mutants (results not shown). Together, our data indicate the presence of a motif in the juxtamembraneous region of the cytosolic tail of LPC, inducing the palmitoylation of two cysteine residues, Cys&&) and Cys&'$, independently of Cterminal sequences in the cytosolic domain.
Palmitoylation of LPC is sensitive to tunicamycin but not cerulenin and occurs in a late compartment of the exocytic pathway
In order to characterize the LPC palmitoyltransferase, we tested the inhibitory effects of cerulenin and tunicamycin, the only two cell-permeant drugs that are known to inhibit palmitoylation [36] . As can be seen from Figures 3(A) and 3(B) , palmitoylation of LPC was inhibited by tunicamycin, but not cerulenin, in a dose-dependent manner with inhibitory concentrations starting at $ 10 µg\ml. This is four times higher than the concentration reported to block co-translational N-glycosylation of LPC [20] and 10-100 times higher than the concentration that is sufficient to block N-glycosylation in general [36] . Therefore, the lack of inhibition at lower concentrations of tunicamycin demonstrates that this is not an indirect effect caused by inhibition of intracellular transport of non-glycosylated LPC. Analysis of whole-cell lysates (Figure 3 C) demonstrated that tunicamycin blocked labelling of all major proteins with [$H]palmitate, whereas cerulenin specifically inhibited palmitoylation of some, but not all, proteins.
Figure 3 Palmitoylation of LPC is inhibited by tunicamycin but not cerulenin
CHO-DHFR
V cells stably expressing LPC were radiolabelled for 2 h with 1 mCi/ml [9,10-3 H] palmitic acid in the presence of increasing doses of tunicamycin (A) or cerulenin (B), lysed and immunoprecipitated with antibody KP1. Whole-cell lysates (C) from control wells, which received no drug (ct), 25 µg/ml tunicamycin (tun 25), 100 µg/ml cerulenin (cer 100) or 5 % DMSO (solvent) throughout the labelling procedure, were methanol-precipitated.
Figure 4 Palmitoylation occurs in a late compartment
CHO-DHFR
V cells stably expressing LPC were radiolabelled for 90 min in the absence (CT) or presence of 5 µg/ml brefeldin A (BFA) or 5 µg/ml monensin (MON), with (jCHX) or without (kCHX) 100 µg/ml cycloheximide. LPC was immunoprecipitated with antibody KP1. The relative position of the molecular-mass marker is indicated.
To obtain insight in the subcellular compartment of the LPC palmitoyltransferase, we used the transport inhibitors brefeldin A and monensin. Both fungal antibiotics effectively block the anterograde transport of secretory proteins through the Golgi apparatus, thereby interfering with complex N-glycosylation of such proteins. Brefeldin A causes a dramatic and rapid retrograde transport of cis-Golgi cisternae back to the endoplasmic reticulum via tubular extensions as well as extensive tubulation of the trans-Golgi and TGN compartments. However, retrograde microtubule-mediated transport from the plasma membrane is not affected [37] . The ionophore monensin blocks transport from cis-and medial-cisternae to the trans-cisternae of the Golgi [38] . As is shown in Figure 4 , both transport inhibitors affected complex N-glycosylation of newly synthesized [$&S]methioninelabelled LPC, resulting in a higher electrophoretic mobility of processed LPC in SDS\PAGE. In contrast, it had no effect on palmitoylation or the electrophoretic mobility of [$H]palmitatelabelled LPC, suggesting that palmitoylation of LPC occurs in a compartment beyond the cis-Golgi. This was substantiated further by the observation that palmitoylation of LPC was not affected significantly by pretreatment of the cells with the proteintranslation inhibitor cycloheximide, indicating that palmitoylation of LPC is independent of protein synthesis.
Palmitoylation of LPC is reversible
Palmitoylation can be reversible, creating a dynamic system to regulate protein-protein or protein-lipid interactions [25, 26, 31] . In order to investigate the possibility of reversible palmitoylation of LPC, we determined the half-life of palmitoylated LPC. To allow comparison with the LPC peptide backbone, we incubated the cells for 16 h in the presence of [$&S]methionine to obtain steady-state labelling. [$H]Palmitate-labelled LPC rapidly decreased by 90 % over the first 2 h, with a half-life of $ 50 min ( Figure 5 ). Small amounts remained detectable during the last 2 h of the chase, which was probably due to the re-use of [$H]palmitic acid [36, 39] . The amount of [$&S]methionine-labelled LPC decreased linearly during the chase, with a half-life of $ 3 h. These results suggest strongly that palmitoylation of LPC is reversible.
Figure 7 LPC is not localized in DRMs
CHO-K1 cells transiently transfected with PLAP cDNA and CHO-DHFR V cells stably expressing wild-type LPC were labelled with L- [ 35 S]methionine and extracted with Triton X-100 as described in the Experimental section. PLAP and LPC were immunoprecipitated with antibodies anti-PLAP and KP1, respectively. The DRMs were present in the pellet fraction. S, supernatant ; P, pellet.
Palmitoylation affects the half-life of LPC, but does not affect TGN localization
Having established the reversible nature of palmitoylation of LPC, we investigated its possible function. As expected, no differences were found in the relative rate of autoprocessing and transport to the TGN between wild-type LPC and non-palmitoylated mutant LPC-C1-2 (results not shown), since palmitoylation occurs in a late-exocytic or endocytic compartment. Subsequently, we compared the stability of LPC and LPC-C1-2 stably expressed in CHO cell lines (Figure 6 ). After a 75 min chase, an average of only 25 % of LPC had been degraded, whereas more than 40 % of LPC-C1-2 was degraded. Although small differences between independent clones were observed, the reduced stability was persistently observed in all clones, with clear statistical significance (two-tailed Student's t test, P 0.001).
Since palmitoylation might affect intracellular trafficking, we studied the localization of LPC and LPC-C1-2 in stably transfected CHO and NRK cells (results not shown). Both LPC and LPC-C1-2 were concentrated in a juxtanuclear region, largely colocalizing with TGN38, a marker protein for the TGN. We therefore conclude that palmitoylation of LPC is not a dominant TGN sorting signal.
LPC is not localized in DRMs
At least half of the proteins in DRMs are palmitoylated, including some transmembrane proteins [40] . Triton X-100-resistant membrane fractions were prepared, using the glycosylphosphatidylinositol-anchored protein PLAP as a marker. PLAP becomes resistant to Triton X-100 extraction in the Golgi apparatus during transport to the cell surface [35] . This coincides with a lower electrophoretic mobility as a result of complex Nglycosylation. As is shown in Figure 7 , the lower-molecular-mass PLAP protein (localized in the endoplasmic reticulum) was extracted completely, whereas most of the higher-molecularmass form remained insoluble. LPC, on the other hand, was only found in the soluble fraction, indicating that it is not present in DRMs.
DISCUSSION
Acylation of proteins with either palmitate and\or myristate is a modification that in a growing number of proteins has been shown to be important for their proper localization and\or function [25] [26] [27] . Palmitoylation of LPC is unique within the PC family : furin has been shown not to be palmitoylated [11] , PC6B does not contain cysteine residues in its cytosolic domain, and the other members do not have cytosolic domains.
Analysis of the five cysteine residues in the cytosolic domain of LPC has demonstrated that the cysteine residues adjacent to the transmembrane domain, Cys&&) and Cys&'$, are the two major, if not only, palmitoylation sites (Figures 1 and 2) . However, some palmitoylation occurred even in mutants lacking all cytoplasmic cysteines. This residual palmitoylation was more extensive when Cys residues were mutated into Ser residues (results not shown). Similarly, hydroxylamine-insensitive labelling with [$H]palmitate was found after mutagenesis of Cys into Ser residues in the transferrin receptor [29] , suggesting that serine residues can be acylated. Since palmitoylation of wild-type LPC was entirely hydroxylamine-sensitive [11] , this indicates that the residual palmitoylation on residues other than cysteines was also caused by the Cys-to-Ala mutations. Although alanines themselves cannot be palmitoylated, it is possible that flanking serines are utilized. Three serine residues are in close proximity to Cys&&) and Cys&'$, one of which is located in between the two cysteine residues. These data suggest that the juxtamembraneous region of the cytoplasmic tail contains a palmitoylation motif and that, in the absence of the cysteine residues, other residues are palmitoylated. It was also noticed that mutation of either Cys&&) or Cys&'$ almost completely abolished palmitoylation, suggesting that acylation of both cysteines is synergistic. This contrasts with the CD-MPR, where the loss of palmitoylation of one cysteine was compensated by increased palmitoylation of the other [28] .
Protein palmitoyltransferase activity has been demonstrated in endoplasmic reticulum, Golgi\TGN and plasma-membrane fractions [41,41a,42] , but the corresponding genes have not been cloned yet [43] . As a first step towards characterizing the LPC palmitoyltransferase activity, we determined its inhibitor profile and investigated the subcellular site of palmitoylation. The LPC palmitoyltransferase activity was selectively inhibited by tunicamycin, but not cerulenin (Figure 3 ). Since cerulenin inhibits palmitoylation of most proteins, this observation will be instrumental in the identification of the physiological LPC palmitoyltransferase. We also conclude that LPC is most probably palmitoylated in a late compartment of the exocytic pathway, possibly the TGN, based on the following results : (i) palmitoylation was insensitive to the translation inhibitor cycloheximide ( Figure 3) ; (ii) palmitoylation of an endoplasmicreticulum-localized mutant LPC-S#'&A was not detected [11] ; (iii) palmitoylation and N-linked glycosylation of palmitoylated LPC were insensitive to the effects of the transport inhibitors brefeldin A and monensin ( Figure 3) ; and (iv) analysis of N-linked glycosylation of palmitoylated LPC revealed a complexly Nglycosylated protein [11] that was detectable with a [$H]palmitate pulse as short as 15 min (results not shown).
Early studies on protein acylation have concentrated on cellular and viral integral membrane proteins that are part of the plasma membrane [24] . However, the discovery that the activity of cytosolic proteins in signalling pathways is dynamically regulated by palmitoylation has led to an increased number of studies that focus on its reversible character [26, 31] . We have measured the half-life of the palmitate moiety in LPC and compared it with the half-life of the protein backbone.
[$H]Palmitic acid turned over with a shorter half-life (50 min) than that of the $&S-labelled protein (3 h ; Figure 5 ). Comparison of the half-lives of the palmitate moiety in other proteins with the half-lives of their respective polypeptide backbones indicates that there is large variation : by a factor of two for the transferrin receptor (t "/# $ 6 h [44] ), a factor of 20 for the CD-MPR (t "/# $ 2 h [28] ) and by a factor of 75 or more for p21 N V ras (t "/# $ 20 min [45] ) and ankyrin (t "/# $ 50 min [39] ). Two protein palmitoyl thioesterases that deacylate proteins have been identified, palmitoyl-protein thioesterase 1 (PPT1) and acyl-protein thioesterase 1 (APT1) [43] . PPT1 is concentrated in lysosomes, but it has been shown recently in overexpression experiments to enhance deacylation of a number of plasma-membrane proteins [46] . APT1 has been shown to play a role in deacylation of plasma-membrane-associated Ha-Ras and G s α subunit and the plasmalemmal caveolae-localized endothelial nitric oxide synthase [47, 48] . It is not known if either of these protein palmitoyl thioesterases is involved in the deacylation of LPC.
Mutation of Cys&&) and Cys&'$ resulted in a decreased half-life, suggesting an important role in the intracellular trafficking and\or targeting. However, steady-state concentration in the TGN was not affected (results not shown), indicating that it is not a dominant sorting signal. Concentration of LPC in the TGN might be achieved by a combination of retention in the TGN and retrieval from the plasma membrane after endocytosis. Surface appearance of LPC has been demonstrated recently by antibody-uptake experiments [49] . Despite the presence of small amounts of LPC at the cell surface under steady-state conditions, abnormal cycling between the TGN and the plasma membrane might have a pronounced effect on the half-life of LPC. For instance, it has been shown that palmitoylation of the CD-MPR prevents the receptor from entering the lysosomes during its trafficking between the plasma membrane, endosomes and the TGN [28] .
A large number of proteins in DRMs are palmitoylated, including some transmembrane proteins [40] . Membrane rafts are enriched in sphingolipids and cholesterol and have several important functions, including protein and lipid sorting in the exocytic and endocytic pathways [50, 51] . How palmitoylation can target a transmembrane protein to DRMs is not entirely clear, but it might favour the packing of this domain in the liquid-ordered (l o ) phase in the lipid bilayer of rafts. Our finding that LPC is not present in DRMs is in accordance with results obtained for two other palmitoylated transmembrane-containing proteins, the transferrin receptor and the CD-MPR [40] . Alternatively, it is possible that the palmitate moiety functions in conjunction with a basic region flanking the two cysteines (six out of 10 amino acids C-terminal of Cys&'$ are basic). Insertion of the palmitoylated Cys residues into the lipid bilayer will bring these positively charged residues in close proximity to the membrane where they can interact with negatively charged phospholipid head groups. Dynamic palmitoylation might therefore act as a switch to regulate targeting to specific microdomains in a membrane. 
